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[571 ABSTRACT

The production of hydrocarbons from a subterranean
hydrocarbon-bearing formation containing acid-
soluble components, such as one composed at least in
part of dolomite or limestone, is stimulated by inject-
ing into the formation a composition comprising an
aqueous solution of a mineral acid having dissolved
therein a vinylpyrrolidone polymer. The increase in
the permeability and porosity of the formation
achieved utilizing the method of invention results in a
substantial improvement in hydrocarbon recovery.
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1
METHOD FOR STIMULATING WELL
PRODUCTION

CROSS REFERENCE TO COPENDING
APPLICATION

This- application is a continuation-in-part of com-
monly assigned application Ser. No. 82,182 filed Oct.
19, 1970 now abandoned.

FIELD OF THE INVENTION

This invention relates to a method for stimulating the
production of fluids from earthen formations. More
particularly, this invention relates to a method in which
the permeability and porosity of a hydrocarbon-bearing
formation containing acid-soluble components and
with or without water-sensitive clays or shales are im-
proved on treatment of the formation with an aqueous

-solution of a vinylpyrrolidone polymer and a mineral
acid. :

DESCRIPTION OF THE PRIOR ART

The technique of increasing the permeability of a
subterranean hydrocarbon-bearing formation for the
purpose of stimulating the production of fluids there-
from has long been practiced in the art. One such
method commonly employed is known as acidizing
which is widely utilized in treating subsurface calcare-
ous geological formations, e.g., limestone, dolomite,
etc. In the usual well-acidizing procedure, a non-
oxidizing mineral acid is introduced into the well and
under sufficient pressure is forced into the adjacent
subterranean formation where it reacts with acid-
reactive components, particularly the carbonates such
as calcium carbonate, magnesium carbonate, etc., to
form the respective salt of the acid, carbon dioxide and
water. The usual acid employed in such acidization
procedures is hydrochloric acid.

During the process passageways for fluid flow are
created or existing passageways therein are enlarged
thus stimulating the production of oil, water, brines and
various gases. If desired, the acidization may be carried
out at an injection pressure sufficiently great to create
fractures in the strata or formation which has the de-
sired advantage of opening up passageways into the for-
mation along which the acid can travel to more remote
areas from the well bore. The salt formed is extensively
water soluble and is readily removed by reverse flow
from the formation via the well bore.

There are, however, disadvantages attending the use
of hydrochloric acid or other similar non-oxidizing
mineral acids. For example, these strong aqueous acids
have almost instantaneous rates of reaction with the
carbonates contained in the formation. The acid, there-
fore, necessarily spends itself in the formation immedi-
ately adjacent the well bore so little beneficial effect is
realized at any great distance from the well bore within
the formation under treatment. These strong aqueous
acids also may cause channeling, cavitation and even-
tual collapse of the formation immediately adjacent the
well bore due to excessively rapid action of the acid. In
addition, subsurface equipment may be damaged se-
verely by strong acid attack.

One suggested solution to overcome these disadvan-
tages has been the use of “‘retarded” acids which con-
sist of a mineral acid and an additive which emulsifies
the acid the combination of which affects the acidiza-
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tion rate. However, although such emulsified mixtures
can be displaced into a formation before substantial re-
action occurs, they have the inherent disadvantage that
when the emulsion breaks and they do react, they usu-
ally react swiftly, often unpredictably, and without sub-
stantially resolving the problem of cavitation.

A later development in acidizing wells has been the
use of potentially acidic materials which are capable of
producing a strong aqueous acid by means of a chemi-
cal reaction at a more or less constant rate over a pe-
riod of time and which subsequently reacts with the for-
mation to enhance porosity and permeability. How-
ever, with aqueous systems containing these potentially
acidic material, the effectiveness of the acidizing oper-
ation too often is negated in subterranean hydrocar-
bon-bearing formations which contain water-sensitive
clays or shales. These water-sensitive shales react or in-
teract with the aqueous medium to swell, which results
in decreasing formation permeability, thereby largely
offsetting any improvement in permeability which
might have been realized by the action of the poten-
tially acidic material. In fact, it has been found that the

‘net effect of the swelling of water-sensitive clays often

may result in an overall decrease in formatlon perme-
ability following the acidization.

The use of cross-linked copolymers of polyvinyl-
pyrrolidone and polyacrylamides, polyurethanes, etc.
to give materials which are insoluble in aqueous min-
eral. acid solutions is described in U.S. Pat. No.
3,380,529 to Hendrickson. Such insoluble, cross-linked
polymers are utilized -as agents for partially plugging
channels developed during acidization treatment in
order to effect acidic. attack at greater distances from
the well bore. In U.S. Pat. No. 3,434,971 a similar acid-
ization process is described in which a copolymer pre-
pared by polymerizing acrylamide and ~N-
vinylpyrrolidone in the presence of a cross-linking
agent, such as N,N’-methylenebisacrylamide, is dis-
closed. These copolymers are insoluble in the aqueous
mineral acid solutions employed in acidization opera-
tions and are utilized as dispersions in the acid solu-
tions. Both of the previously mentioned acidization
processes which utilize insoluble, cross-linked copoly-
mers are dlstmctly different from the novel method of
this invention in which a vinylpyrrolidone polymer sol-
uble in aqueous mineral acid solutions is used.

It is therefore, the principal object of the present in-
vention to overcome the defects of the prior art in acid-
izing fluid bearing formations such as hydrocarbon-
bearing formations, etc., by providing a method utiliz-
ing the novel acidizing composition of this invention in
which the distance to which the acidizing composition
penetrates the formation before becoming spent is ex-
tended, thus providing in-depth acidization.

Another object of this invention is to provide a
method of acidization employing the nove! composi-
tion of this invention which is effective in preventing
the swelling of water-sensitive clays and shales.

Another object of this invention is to provide a high
viscosity acidizing fluid containing in solution a vinyl-
pyrrolidone polymer which is stable over long periods
of time in which the polymer constituent does not hy-
drolyze or otherwise decompose on storage thus avoid-
ing the simultaneous reduction in viscosity and effec-
tiveness in acidization-in-depth operations.
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SUMMARY OF THE INVENTION

This invention encompasses and includes a method
of increasing the production of fluids from a subterra-
nean -fluid-bearing formation having present acid-
soluble componenis and with or without water-
sensitive clays or shales, comprising injecting down the
well bore penetrating said formaiion and injecting
therefrom into said formation under a pressure greater
than formation pressure an aqueous acidizing composi-
tion, maintaining said composition in contact with the
formation strata for a time sufficient for the acid to
chemically react with the acid-soluble components of
the formation to etch or enlarge passageways there-
through thereby increasing substantially the flow ca-
pacity of the said subierranean formation.

The novel acidizing composition of this invention
comprises an aqueous solution of a non-oxidizing min-
eral acid, such as hydrochloric, sulfuric, etc., having
dissolved therein a vinylpyrrolidone polymer. The
amount. of acid present in the subject composition is
such that it is capable of reacting with acid solubie
components of the fluid-bearing sirata.

A number of advantages result in employing the
novel composition of this invention in acidizing calca-
reous fluid-bearing formations, namely:

1. The reaction rate of the acid with the formation
acid-solubles, such as carbonates, dolomites, etc., is
greatly lessened. One of the most serious problems en-
countered in the use of mineral acids as acidizing
agents is the very rapid rate with which the known acid-
izing compositions react with such acid-solubles so that
little actual effect takes place at any great distance
from the well.

2. The post-precipitation of dissolved carbonates is
prevented. Because of the nature of the dissolution re-
action:

Ca (HCO,), — CaCO; + H;0 + CO,T,

when pressure is released so that spent reaction prod-
ucts from the acidization process can flow back out or
be pumped out, carbon dioxide gas can break out of so-
lution, causing post-precipitation of calcium carbonate.
Such post-precipitation cccurring within the formation
mairix near the bore hole can decrease permeability by
plugging capillaries and result in a lower production
rate.

3. The viscosity of the acidizing fluid is increased.
Such a viscosity increase is characteristic of fluid-loss
agents often used in acidizing formulations to cause
more uniform formation penetration and minimize
leakage into zones of higher permeability or into natu-
ral fractures.

4. The cited polymer is highly effective in preventing
swelling of watier-sensitive clays or shales and thus for-
mation damage of this type during acidization is largely
avoided.

DETAILED DESCRIPTIOM OF THE INVENTION

In its broadest embodiment the method of the pres-
ent invention comprises introducing into a subsurface
calcareous formation an acid solution of a water-
soluble vinylpyrrolidone polymer wherein the said solu-
tion is maintained in contact with the formation for a
time sufficient to chemically react with the formation
so as to increase substantially the flow capabilities of
the formation and to release carbon dioxide concomi-
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tantly whereby a beneficial effect due to the mutual
miscibility of carbon dioxide in the fluid phases is real-
ized as a reduction in viscosity and retentive capillary
forces, while another beneficial effect is realized in the
form of increased formation energy, due to the pres-
sure generated by the released carbon dioxide.

The average molecular weight of the vinylpyrrol-
idone polymers utilized in the method of this invention
generally will be from about 10,000 to about 1,000,000
or more and preferably will be from about 100,000 to
about 400,000. . '

Highly advantageous results are realized with the
method of this invention when water-soluble vinylpyr-
rolidone polymers having recurring units of the for-
mula:

Ru
HyC CHs
[
H; ==
\N/
é—om

Tk ]

wherein R, R,, R, and R, are independently selected
from the group consisting of hydrogen and alkyl radi-
cals having from 1 to 5 inclusive carbon atoms are em-
ployed. Useful alkyl radicals of 1 to 5 inclusive carbon
atoms include methyl, ethyl, propyl, butyl, pentyl, and
isomeric forms thereof. The sole limitation on the cited
structure is that it be sufficiently soluble in the aqueous
acid. When R, R,, R, and R, of Formula I above are
each hydrogen, the resulting compound is polyvinyl-
pyrrolidone, i.e., poly-N-vinyl-2-pyrrolidone which is
an especially useful polymer.

Preferably, the acidic polymer solution of this inven-
tion is one comprising an aqueous solution of about 3
to about 30 percent by weight of a non-oxidizing min-
eral acid, which may or may not include brine, and
which contains dissolved therein between about 0.1 to
about 10 percent by weight based on the total solution
weight of the water-soluble vinylpyrrolidone polymer.

Generally, the acidic polymer solution will contain an
inhibitor to prevent or greatly reduce the corrosive at-
tack of the acid on metal. Any of a wide variety of com-
pounds known in the art and employed for this purpose
can be used, e.g., certain compounds of arsenic, nitro-
gen or sulfur as described by Grebe et al. in U.S. Pat.
No. 1,877,504 or a rosin amine type as described in
U.S. Pat. No. 2,758,970. The amount of the inhibitor
utilized is not highly critical and it may be varied
widely. Usually this amount is defined as a small but ef-
fective amount, e.g., from 0.02 percent to about 2.0
percent by weight or more of the acidic polymer solu-
tion. .

The preparation of vinylpyrrolidone polymers suit-
able for use in the acidizing composition of this inven-
tion is described in Kirk-Othmer, Encyclopedia of
Chemical Technology, Vol. 1, Second Edition, Intersci-
ence Publishers, N.Y., 1963, p. 205. Such vinylpyrrol-
idone monomers can be synthesized by reacting a car-
boxylic acid amide of the formula: '

R,

—-},—ml
=t R
3=0

@

3P1

0
N
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such as 2-pyrrolidone, 3-methyl-2-pyrrolidone,
4,4-diethyl-2-pyrrolidone,  5-isobutyl-2-pyrrolidone,
4-methyl-2-pyrrolidone,  3-ethyl-2-pyrrolidone,  3-
methyl-5-ethyl-2-pyrrolidone, eic., with acetylene or
an acetylenic derivative of the formula:

RC=CR,,

wherein R, and R,, have the same meaning as previ-
ously described, under pressure at a temperature of
about 130° to about 166°C. and in the presence of the
alkali metal salts of these acetylenic compounds as cat-
alysts. Polymerization of the resulting monomers can
be conducted by methods well known in the art.

In carrying out the method of this invention a solu-
tion of from about 3 to about 30 percent by weight of
the non-oxidizing mineral acid dissolved in water is first
prepared. An inhibitor to prevent corrosion of acid on
the metal equipment associated with the well is usually
added with mixing in the next step. The vinylpyrrol-
idone polymer in an amount within the stated concen-
tration range is then admixed with the aqueous acid so-
lution employing a biender. The polymer dissolves
rather rapidly in the acid solution and the thus-
prepared composition is forced, usually via a suitable
pumping system, down the well bore and into contact
with the formation to be treated. As those skilled in the
art will readily understand, the pressure employed is
determined by the nature of the formation, viscosity of
the fluid, and other operating variables. The acidization
method of this invention may be carried out at a pres-
sure sufficient merely to penetrate the formation or it
may be of sufficient magniiude to overcome the weight
of the overburden and create fractures in the forma-
tion. Propping agents, to prop open the fractures as
created, for example 20 to 60 mesh sand, in accor-
dance with known fracturing procedures, may be em-
ployed in admixture with the aqueous acidic solution.
Generally, it is advisable to allow the aqueous acidic
polymer solution to remain in contact with the forma-
tion until the acid therein has been substantially de-
pleted by reaction with the acid-soluble components of
the formation. After this, the substantially spent treat-
ing solution is reversed out of the well, i.e., it is allowad
to flow back out or to be pumped out of the formation.
Further, as those skiiled in the art will understand, the
concentration of the polymer and acid should be
chosen to provide an acidizing fluid of the desired rheo-
logical properties. Similarly, the appropriate molecular
weight polymer is selected on this same basis,

The following is a description by way of examples of
three series of tests whereby the effectiveness of the
present invention has been demonstrated.

In this first series of tests the reaction rate of a cylin-
drical Austin chalk core (2.2 cm in length, 2.2 cm. in
diameter) with solutions of 1 percent and 0.5 percent
by weight of polyvinyl-pyrrolidone of molecular weight
360,000, where R,R,,R;, and R,, are hydrogen atoms
and intrinsic viscosity of 1.61 dissolved in a 15 percent
by weight aqueous hydrochloric acid solution was de-
termined. The results are summarized in the Table 1
which follows:

TABLE 1

ppm dissolved CaCO,

Time 15% HCl 0.5% A* in 15%HCI 1% A* in 15% HCl
(min.)

1 27,600 — 500
2 43,400 — 500
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6
3.58 58,780 — 3850
5.84 73,300 13,200 6780
8.33 79,180 19,020 10,000
10.0 79,480 — —
11.6 79,990 24,780 13,210
13.3 80.980 — —
15.8 82,480 30,000 16,500
20.0 83,100 - —
21.6 — 41,100 21,620
30.0 — 51,500 28,820
41.6 — 65,100 38,600
58.4 — 77,900 51,000
83.4 — 88,900 64,100
116.5 — — 77,600

*Additive A — polyvinylpyrrolidone having an avetdge molecular of
360,000, R and R’ are hydrogen atoms; and instrinsic viscosity of 1.61,

From the data presented in the above table, it is evi-
dent that the polyvinylpyrrolidone, when dissolved in a
mineral acid widely employed in acidizing procedures,
is effective in greatly reducing the rate of attack by said
acid on a limestone or chalk formation.

In a second series of tests the viscosity of solutions of
0.5 percent and 1 percent by weight of the same poly-
vinylpyrrolidone polymer employed in the first series of
tests (i.e.,Additive A) dissolved in 15 percent by weight
aqueous hydrochloric acid over extended periods of
time was measured. Many polymeric materials hydro-
lyze or otherwise decompose in mineral acids over rela-
tively short periods of time with accompanying simulta-
neous reduction in viscosity and therefore effectiveness
in well acidization operations.

Accordingly, the viscosity of the above-described
polymer solutions in hydrochloric acid was measured
over a period of 28 days. The results are set forth in
Table 2. '

TABLE 2

Concentration of
Additive A RELATIVE ViSCOSITY
(% in 15% HC1) 0 0.5 1

Composition Days

Elapsed
15% HCI 1.00 —_ —
Solution of Additive
A in HCI 3 —_ 1.99 3.40
Solution of Additive
A in HCI 14 — 1.93 3.32
Solution of Additive
A in HCI 28 — 1.92 3.28

The results depicted in Table 2 indicate that little, if
any, decomposition of the polymer occurs over a pe-
riod of 28 days.

In this third series of tests an Ostwald viscometer was
used to measure the viscosity (relative to 15% HCI) of
various solution of the same vinylpyrrolidone polymer
employed in the first series of tests (i.e., Additive A) in
15 percent by weight HCl at room temperature. The
following table summarizes these results.

TABLE 3

RELATIVE VISCOSITY
Concentration of additive
(% in 15% HCI) 0
COMPOSITION
15% HCI
Solution of Additive A
in HCI
Solution of Additive B
in HC1

0.5 1 5
1.00

1.97

3.26

2.52

Additive B-polyvinylpyrrolidone having an average
molecular weight of 40,000, R and R’ are hydrogen
atoms and intrinsic viscosity of 0.225. L

These data demonstrate that dissolution of the cited
polymer in 15% HC! produces a remarkable increase in
viscosity. '
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EXAMPLE I

A well drilled in Gregg County, Texas in a tight lime-
stone formation was treated with an aqueous acidic
polymer composition of this invention in order to stim-
ulate oil production. In preparing to treat the produc-
ing formation of the well a packer was set at 7253 feet
above perforations located in the interval 7285-95
feet. A solution of 1 percent by weight polyvinylpyr-
rolidone having a molecular weight of 360,000 and an
intrinsic viscosity of 1.61 was prepared by dissolving
completely 500 pounds of the polymer in 6000 gallons
of 15 percent by weight hydrochloric acid using cyclic
turbulent circulation. A conventional corrosion inhibi-
tor and non-emulsifying agent were present in the acid.

In the first part of the stimulation operation, a pad of
2,100 gallons of lease water containing 20 gallons of a
scale inhibitor initially to prevent post-precipitation of
carbonates dissolved in the subsequent acidizing pro-
cess was pumped into the formation. In the next step,
1000 gallons of conventional 15 percent HCl was
pumped into the formation to remove scale in the vicin-
ity of the well bore. In the third step, 4,000 gallons of
the acidizing mixture previously described was pumped
into the formation Finally, the aqueous acidic polymer
solution was displaced into the formation by pumping
an additional 16,000 gallons of lease water into it. The
well was shut in nine days after treatment and at the
end of that time the production was measured and
found to be 5 bbl/day of oil with 140 bbl/day of water
as compared to a production rate of 3 bbl/day of oil and
0 bbl/day of water prior to the acidization treatment.
After 33 days had elapsed production was 14 bbl/day
of oil and 130 bbl/day of water.

EXAMPLE I

In this example, a well drilled in Caddo Parish, Louis-
iana into a tight limestone formation was treated with
a quantity of the same acidic aqueous polymer solution
as utilized in Example I. In this well, open end tubing
was set at 2220 ft. Perforations were in the intervals
2234-2240 ft. and 2262-2266 ft. which contains 72
shots. The procedure followed in stimulating produc-

tion of the producing formation and this well was the:

same as that described in Example I except that no con-
ventional 15% HCI was used initially, 1,000 gallons of
the acidic aqueous polymer solution was employed in
treating the formation and only 1500 gallons of lease
water flush was achieved becaue of mechanical prob-
lems at the well head. A total of 75 balls were used as
diverters in the retarded acid stage of this treatment
operation, the purpose of the balls being to divert the
acid to assure that it enters all perforations.

After treatment, the well was shut in for 2 days and
at that time production was measured and found to be
34 bbl/day of oil and 107 bbl/day of water whereas,
prior to the stimulation treatment of this example, the
production was 5 bbl/day of oil and 32 bbl/day of wa-
ter. After 114 days had elapsed, production was 18
bbl/day of oil and 89 bbl/day of water.

What is claimed is: S

1. A method of increasing the production of fluids
from a subterranean fluid bearing formation having
present therein acid-soluble components and being
without water-sensitive shales or clays comprising in-
jecting down the well bore penetrating said formation
and injecting therefrom into said formation under a
pressure greater than the formation pressure an aque-
ous well acidizing composition comprising an aqueous
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solution of a mineral acid having dissolved therein a vi-
nylpyrrolidone polymer, the said acid being present in
an amount capable of reacting with the acid-soluble
components of a subterranean fluid-bearing formation
and wherein the said polymer comprises recurring units
of the formula:

H;C CH:
[
H. =
N/
1
C—?H
[ ke

wherein R, R, R, and R, are independently selected
from the group consisting of hydrogen and alkyl of
from 1 to 5 inclusive carbon atoms maintaining said
composition in contact with the formation for a time
sufficient for the acid to chemically react with the acid-
soluble components of the formation to etch passage-
ways therethrough thereby increasing substantially the
flow capacity of the said subterranean formation.

2. The method of claim 1, wherein the said formation
is a hydrocarbon-bearing formation.

3. The method of claim 1, wherein the said composi-
tion is injected down the well bore penetrating said for-
mation under a pressure greater than the formation
pressure but less than the pressure required to create
fractures in the formation.

4. A method of increasing the production of fluids
from a subterranean fluid bearing formation having
present therein acid-soluble components and being
without water-sensitive shales or clays comprising in-
jecting down the well bore penetrating said formation
and injecting therefrom into said formation under- a
pressure greater than the formation pressure an aque-
ous well acidizing composition comprising an aqueous .
solution of a mineral acid having dissolved therein a vi-
nylpyrrolidone polymer present in a concentration of
from about 0.1 to about 10 percent by weight, the said
acid being present in an amount capable of reacting -
with the acid-soluble components of a subterranean
fluid-bearing formation and wherein the said polymer
comprises recurring units of the formula:

— R,
Hzc—"—CHn
Iy
H;
AN

=0

Ra

H—a—2
N

i

wherein R, R,, R, and R, are independently selected
from the group consisting of hydrogen and alkyl of
from 1 to 5 inclusive carbon atoms, maintaining said
composition in contact with the formation for a time
sufficient for the acid to chemically react with the acid-
soluble components of the formation to etch passage-
ways therethrough thereby increasing substantially the
flow capacity of the said subterranean formation.

5. A method of increasing the production of fluids
from a subterranean calcareous fluid-bearing forma-
tion having present therein acid-soluble components
and being without water-sensitive shales or clays com-
prising injecting down the well bore penetrating said
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formation and injecting therefrom into said formation
under a pressure greater than the formation pressure an
aqueous well acidizing composition comprising about
3 to about 30 percent by weight of hydrochloric acid
having dissolved therein from about 0.1 to about 10
percent by weight based on the total weight of the com-

position of polyvinylpyrrolidone having an average mo-

lecular weight of about 100,000 to about 400,000,
maintaining said composition in contact with the for-
mation for a time sufficient for the acid to chemically
react with the acid-soluble components of the forma-
tion to etch passageways therethrough thereby increas-
ing substantially the flow capacity of the said subterra-
nean formation.

6. A method of increasing the production of fluids
from a subterranean limestone fluid-bearing formation
having present therein acid-soluble components and
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10
being without water-sensitive shales or clays compris-
ing injecting down the well bore penetrating said for-
mation and injecting therefrom into said formation
under a pressure greater than the formation pressure an
aqueous well acidizing composition comprising about
3 to about 30 percent by weight of hydrochloric acid
having dissolved therein from about 0.1 to about 10
percent by weight based on the total weight of the com-
position of polyvinylpyrrolidone having an average mo-
lecular weight of about 100,000 to about 400,000,
maintaining said composition in contact with the for-
mation for a time sufficient for the acid to chemically
react with the acid-soluble components of the forma-
tion to etch passageways therethrough thereby increas-
ing substantially the flow capacity of the said subterra-

nean formation.
* * * £ *



